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(1-10) face make an angle of 60°. The (1-10) face and *' 
the (100) face make an angle of 45°. The probe 2 is made to face the magnetic surface of 
magnetic material 1, and the (100) face and the (01 1) face are made vertical to the magnetic 
surface. A laser light is made to enter vertically to the (100) face, and make the probe 2 excite 
spin-polarized elections. By measuring the magnitude of a tunneling current flowing in the part 
between the tip of the probe 2 and the magnetic material 1, the direction of magnetization of 
the magnetic material 1 is evaluated. 



PROBLEM TO BE SOLVED: To restrain external 
disturbance and enable measurement of high precision, 
by making, the vertex of conical surfaces of a polygonal 
pyramid formed on semiconductor material in which 
spin-polarized electrons are excited by laser light 
irradiation, a tip, and arranging one conical surface out of 
conical surfaces defining the tip so as to be vertical to 
the surface of an object to be estimated. 
SOLUTION: A probe 2 formed of GaAs single crystal 
makes the vertex of a triangular pyramid, a tip which 
pyramid is formed of three conical surfaces, e.g. a (100) 
face, a (01 1) face and a (1-11) face. The .(100) face is 
perpendicular to the (01 1) face. The (01 1) face and the 
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Japan Patent Office is not responsible for any 
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1. This document has been translated by computer. So the translation may not reflect the original 
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PRIOR ART 



Pescription of the Prior Art] In recent years, the recording density of magnetic-recording media, such 
as a hard disk for external memories of a computer, is improving remarkably. The magnetic-force 
microscope, the BITTA method, etc. are learned as the technique of evaluating the magnetic 
information. If recording density will improve further from now on and one magnetic domain becomes 
detailed, it will be predicted by these evaluation methods that it becomes evaluation difficulty. 
[0003] The spin polarization scanning tunneling microscope is proposed as new equipment by which the 
magnetic information on a magnetic front face that it has a detailed magnetic domain is evaluated. A 
spin polarization scanning tunneling microscope is equipment which the nose of cam of the probe which 
has the conduction electron which carried out spin polarization is made to counter at a minute interval 
on the surface of a magnetic material, passes a tunnel current between a probe and a magnetic material, 
and evaluates magnetic information by the size of a tunnel current. 

[0004] The probe which emits the electron which carried out spin polarization is needed for this spin 
polarization scanning tunneling microscope. Since it approaches extremely and is arranged to a sample, 
as for this probe, forming by non-magnetic material is desirable in order not to change the magnetization 
information on a sample. GaAs is known as a material which may emit the electron which carried out 
spin polarization by non-magnetic material. 

[0005] G. The probe of GaAs produced by NYUNESU and others (G.Nunes) using the cleavage method 
is reported. This probe carries out the cleavage of the GaAs substrate of a field (100) by the field (100) 
and the 2nd page which makes the angle of 90 degrees, and uses the intersection of a field (100) and two 
cleavage planes as a nose of cam. 

[0006] By irradiating the circle deviation laser beam of the wavelength which is equivalent to the band 
gap of GaAs at the probe of this GaAs, the electron of a valence band can be excited and the conduction 
electron which carried out spin polarization can be obtained. The degree of polarization of conduction 
electron is 50%, and the direction of polarization is parallel to the optical axis of an irradiation laser 
beam. The sense of polarization is decided by the revolution direction of a circle deviation laser beam. 
[0007] This probe is made to counter a magnetic front face, and if the laser beam which has an optical 
axis parallel to a magnetic front face is irradiated at a probe, the conduction electron which has parallel 
spin polarization to a magnetic front face in a probe will be excited. The size of a tunnel current changes 
with the relation between the sense of magnetization of a magnetic front face, and the sense of the spin 
polarization of the electron in a probe. Therefore, the information about the sense of magnetization of a 
magnetic front face can be acquired by measuring the size of a tunnel current. 

[0008] When the magnetic front face is magnetized in parallel to the front face, the optical axis of a laser 
beam is made parallel to a magnetic front face. 
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TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to a spin polarization scanning 
tunneling microscope, its probe, and the magnetization information-evaluation method. A spin 
polarization scanning tunneling microscope can observe the situation of magnetization of a magnetic 
material, and has high resolution. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a spin polarization scanning 
tunneling microscope, its probe, and the magnetization information-evaluation method. A spin 
polarization scanning tunneling microscope can observe the situation of magnetization of a magnetic 
material, and has high resolution. 
[0002] 

[Description of the Prior Art] In recent years, the recording density of magnetic-recording media, such 
as a hard disk for external memories of a computer, is improving remarkably. The magnetic-force 
microscope, the BITTA method, etc. are learned as the technique of evaluating the magnetic 
information. If recording density will improve further from now on and one magnetic domain becomes 
detailed, it will be predicted by these evaluation methods that it becomes evaluation difficulty. 
[0003] The spin polarization scanning tunneling microscope is proposed as new equipment by which the 
magnetic information on a magnetic front face that it has a detailed magnetic domain is evaluated. A 
spin polarization scanning tunneling microscope is equipment which the nose of cam of the probe which 
has the conduction electron which carried out spin polarization is made to counter at a minute interval 
on the surface of a magnetic material, passes a tunnel current between a probe and a magnetic material, 
and evaluates magnetic information by the size of a tunnel current. 

[0004] The probe which emits the electron which carried out spin polarization is needed for this spin 
polarization scanning tunneling microscope. Since it approaches extremely and is arranged to a sample, 
as for this probe, forming by non-magnetic material is desirable in order not to change the magnetization 
information on a sample. GaAs is known as a material which may emit the electron which carried out 
spin polarization by non-magnetic material. 

[0005] G. The probe of GaAs produced by NYUNESU and others (G.Nunes) using the cleavage method 
is reported. This probe carries out the cleavage of the GaAs substrate of a field (100) by the field (100) 
and the 2nd page which makes the angle of 90 degrees, and uses the intersection of a field (100) and two 
cleavage planes as a nose of cam. 

[0006] By irradiating the circle deviation laser beam of the wavelength which is equivalent to the band 
gap of GaAs at the probe of this GaAs, the electron of a valence band can be excited and the conduction 
electron which carried out spin polarization can be obtained. The degree of polarization of conduction 
electron is 50%, and the direction of polarization is parallel to the optical axis of an irradiation laser 
beam. The sense of polarization is decided by the revolution direction of a circle deviation laser beam. 
[0007] This probe is made to counter a magnetic front face, and if the laser beam which has an optical 
axis parallel to a magnetic front face is irradiated at a probe, the conduction electron which has parallel 
spin polarization to a magnetic front face in a probe will be excited. The size of a tunnel current changes 
with the relation between the sense of magnetization of a magnetic front face, and the sense of the spin 
polarization of the electron in a probe. Therefore, the information about the sense of magnetization of a 
magnetic front face can be acquired by measuring the size of a tunnel current. 

[0008] When the magnetic front face is magnetized in parallel to the front face, the optical axis of a laser 

beam is made parallel to a magnetic front face. 

[0009] 
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[Problem(s) to be Solved by the Invention] G. When NYUNESU's and others probe is made to counter a 
magnetic front face, all the three conical surfaces that demarcate the nose of cam become slanting to a 
magnetic front face, and it will turn to a magnetic front-face side. Therefore, if the laser beam which has 
an optical axis parallel to a magnetic front face is irradiated at a probe, the reflected light will carry out 
incidence to a magnetic front face. The reflected light which carried out incidence to the magnetic front 
face serves as disturbance, and is considered to have a bad influence on a magnetization measure of 
information. 

[0010] The purpose of this invention is suppressing the disturbance given to the magnetic front face 
which should be measured as much as possible, and offering the evaluation method of the spin 
polarization scanning tunneling microscope in which highly precise measurement is possible, its probe, 
and the magnetization information on a magnetic front face. 
[0011] 

[Means for Solving the Problem] According to one viewpoint of this invention, it is formed of the 
semiconductor material by which the electron which carried out spin polarization by irradiation of a 
laser beam is excited. Use the peak of the conical surface of multiple weight as a nose of cam, and this 
nose of cam is made to counter the virtual flat surface which has set a certain interval. When the one 
conical surface has been perpendicularly arranged to this virtual flat surface among two or more conical 
surfaces which demarcate this nose of cam, the probe for spin polarization scanning tunneling 
microscopes which approaches the aforementioned virtual flat surface most only in the aforementioned 
nose of cam is offered. 

[0012] The one conical surface measures among the conical surfaces which demarcate a nose of cam by 
arranging so that it may become perpendicular to the front face of an evaluation object. If incidence of 
the laser beam which has an optical axis parallel to the front face of an evaluation object is carried out to 
the conical surface perpendicularly arranged to the front face of an evaluation object, the optical axis of 
the reflected light will also become parallel to the front face of an evaluation object. For this reason, it 
becomes impossible for the reflected light to carry out incidence to an evaluation object, and it can avoid 
the influence on measurement by the incidence of the reflected light. 

[0013] According to other viewpoints of this invention, it is formed of the semiconductor material by 
which the electron which carried out spin polarization by irradiation of a laser beam is excited. Use the 
peak of the conical surface of multiple weight as a nose of cam, and this nose of cam is made to counter 
the virtual flat surface which has set a certain interval. The probe which approaches the aforementioned 
virtual flat surface most only in the aforementioned nose of cam when the one conical surface has been 
perpendicularly arranged to this virtual flat surface among two or more conical surfaces which 
demarcate this nose of cam, The sample maintenance base which has the flat sample maintenance side 
which sets the interval which exists at the nose of cam of the aforementioned probe, and counters, The 
probe maintenance means [ to hold the aforementioned probe so that the one conical surface of the 
aforementioned probe may become perpendicular to the aforementioned sample maintenance side ], and 
aforementioned one conical surface of the aforementioned probe is provided with the spin polarization 
scanning tunneling microscope which has a laser beam study system for irradiating the laser beam which 
has an optical axis parallel to the aforementioned sample maintenance side. 

[0014] The optical axis of the reflected light of the laser beam which carried out incidence to the probe 
becomes parallel to a sample maintenance side. For this reason, it becomes impossible for the reflected 
light to carry out incidence to the evaluation object laid in the sample maintenance side, and it can avoid 
the influence on measurement by the incidence of the reflected light. 

[0015] According to other viewpoints of this invention, it is formed of the semiconductor material by 
which the electron which carried out spin polarization by irradiation of a laser beam is excited. Use the 
peak of the conical surface of multiple weight as a nose of cam, and this nose of cam is made to counter 
the virtual flat surface which has set a certain interval. When the one conical surface has been 
perpendicularly arranged to this virtual flat surface among two or more conical surfaces which 
demarcate this nose of cam The process arranged so that the one conical surface may become 
perpendicular to this measured front face among the conical surfaces which the probe which approaches 
the aforementioned virtual flat surface most only in the aforementioned nose of cam is made to counter 
this measured front face of the sample which has a flat measured front face, and demarcate the nose of 
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cam of this probe, The one aforementioned conical surface is provided with the magnetization 
information-evaluation method of a magnetic front face of having this probe and the process which 
detects the tunnel current which flows between samples, by impressing direct current voltage between 
the process which irradiates the laser beam which has an optical axis parallel to the aforementioned 
measured front face, and the aforementioned probe and the aforementioned sample. 
[0016] Since the optical axis of the reflected light of the laser beam which carried out incidence to the 
probe is parallel to a measured front face, the reflected light does not carry out incidence to a measured 
front face. For this reason, the influence on measurement by the reflected light is avoidable. 
[0017] 

[Embodiments of the Invention] Drawing 1 (A) and (B) show the perspective diagram of the probe for 
spin polarization scanning tunneling microscopes by the example of this invention. It is formed with 
both GaAs single crystals. 

[0018] The probe shown in drawing 1 (A) uses as a nose of cam the vertex of the triangular pyramid 
which makes a field (100), a field (01 1), and (1-10) a field the three conical surfaces. (100) A field and a 
field (01 1) intersect perpendicularly, a field (01 1) and a field (1-10) cross at 60 degrees, and a field (1- 
10) and a field (100) cross at 45 degrees. 

[0019] This probe can carry out the cleavage of the GaAs substrate which the field (100) or (01 1) the 
field expressed, and can produce it. First, the cleavage of the GaAs substrate is carried out in the [1 10] 
directions. Let the GaAs piece by which placed the glass plate in parallel with the direction which 
carried out the cleavage, and carried out the cleavage further with scribing, and the cleavage was carried 
out in the field (1-10) be a probe. 

[0020] The probe shown in drawing 1 (B) uses as a nose of cam the vertex of the triangular pyramid 
which makes a field (001), a field (1-10), and (0-1 1) a field the three conical surfaces. This probe is 
producible by carrying out the cleavage of the GaAs substrate which the field (001) or (1-10) the field 
expressed. The configuration of a probe shown in drawing 1 (B) is the same as that of the probe shown 
in drawing 1 (A), and the field (001) of the probe of drawing 1 (B), a field (1-10), and (0-1 1) a field are 
equivalent to the field (100) of the probe of drawing 1 (A), a field (01 1), and (1-10) a field, respectively. 
[0021] Next, with reference to drawing 2 , how to detect the magnetization information on the front face 
of a magnetic material using the probe shown in drawing 1 (A) is explained. In addition, it is the same 
when using the probe shown in diawingj. (B). 

[0022] The interval of about several angstroms is set on the magnetic front face of the magnetic material 

1 which has a flat front face, and the nose of cam of a probe 2 is made to counter it. At this time, a probe 

2 is arranged so that a field (100) and (01 1) a field may become perpendicular to the magnetic front face 
of a magnetic material 1. For example, a field (100) is made to carry out incidence of the laser beam 3 
which has an optical axis perpendicular to a magnetic front face. A laser beam 3 is a circle deviation 
laser beam which has the wavelength equivalent to the band gap of GaAs. 

[0023] A part of laser beam 3 is absorbed by the probe of GaAs, and it excites the electron which carried 
out spin polarization. The direction of polarization of this electron is parallel to the optical axis of a laser 
beam 3, and the sense is decided by the revolution direction of a laser beam 3. Right voltage is 
impressed to the magnetic material 1 to the probe 2, and a tunnel current flows between the nose of cam 
of a probe 2, and a magnetic material 1 . 

[0024] The size of a tunnel current is decided by the relative relation of the sense of electronic 
polarization and the sense of magnetization of a magnetic material 1 which carried out spin polarization 
in the probe 2. For this reason, the sense of magnetization of a magnetic material 1 can be evaluated by 
measuring the size of a tunnel current. Moreover, the situation of a distribution of the magnetic domain 
of a magnetic front face can be evaluated by scanning a probe 2 about the inside of a magnetic front 
face. 

[0025] A part of laser beam 3 is reflected according to the field (100) of a probe 2. (100) Since the field 
is perpendicularly arranged to the magnetic front face, the optical axis of the reflected light also 
becomes parallel to a magnetic front face, and the reflected light does not carry out incidence to a 
magnetic material 1 . For this reason, the bad influence by the reflected light is eliminated and the stable 
measurement is attained. 

[0026] In addition, although it is desirable that the field a laser beam carries out [ the field ] incidence is 
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made perpendicular to a magnetic front face, as long as the reflected light is the inclination of the grade 
which does not carry out incidence to a magnetic front face substantially, the field of a laser beam which 
carries out incidence may lean minutely to the normal of a magnetic front face. Here, although the 
reflected light carries out incidence to a magnetic material when the reflected light passes outside the 
periphery of a magnetic material and, since the probe index is distant from the station, the case "where 
incidence is not substantially carried out to a magnetic front face" means a case so that observation may 
not be affected. 

[0027] Although the above-mentioned example explained the probe which used GaAs, you may use the 
semiconductor material by which the electron which carried out spin polarization by irradiation of a 
laser beam in addition to GaAs is excited. In this case, the peak of the conical surface of multiple weight 
is used as a nose of cam, this nose of cam is made to counter the virtual flat surface which has set a 
certain interval, and when the one conical surface has been perpendicularly arranged to a virtual flat 
surface among two or more conical surfaces which demarcate a nose of cam, it considers as a 
configuration which approaches the aforementioned virtual flat surface most only in a nose of cam. 
[0028] Drawing 3 shows the schematic diagram of a spin polarization scanning tunneling microscope. 
The flutter stage 1 1 is arranged in the vacuum chamber 10, and the jogging stage 13 is attached through 
the piezoelectric device 12 on it. The flutter stage 11 is controlled by the flutter stage control unit 53, 
and a piezoelectric device 12 is controlled by piezoelectric-control equipment 52. On the jogging stage 
14, the magnetic material 14 symmetrical with evaluation is laid. On the magnetic material 14, the probe 
16is arranged like the case of drawing 2 . A probe 16 is held by the probe electrode holder 15 at a 

position. . 
[0029] Coarse positioning of the relative position of the magnetic material 14 to a probe 16 is performed 
by the flutter stage 1 1, and highly precise positioning is performed by the piezoelectric device 12. 
Moreover, a two-dimensional scan is performed by the piezoelectric device 12 by moving a magnetic 
material 14 to the field inboard. 

[0030] Direct current voltage is impressed to a magnetic material 14 from the power supply 51 for bias. 
The tunnel current which flows between a probe 16 and a magnetic material 14 is amplified by the 
preamplifier 50, and the amplified electrical signal is inputted into a control unit 54. The power supply 
51 for bias, piezoelectric-control equipment 52, and the flutter stage control unit 53 are controlled by the 
control unit 54. 

[0031] The laser beam outputted from the laser oscillation machine 30 is introduced in the vacuum 
chamber 10 through the Pockels cell 3 1 and lambda/4 board 32, and carries out incidence to a probe 16. 
The Pockels cell 3 1 makes it circle in the polarization shaft of the laser beam outputted from the laser 
oscillation machine 30. The revolution angle of a polarization shaft changes with the voltage given to 
the Pockels cell 3 1 from the power supply 33 for the Pockels cells. 

[0032] lambda/4 board 32 changes into the circular polarization of light the laser beam by which the 
linearly polarized light was carried out. The sense (right-handed rotation or left-handed rotation) of 
revolution of the circular polarization of light is controlled by the revolution angle of the polarization 
shaft by the Pockels cell 3 1 . That is, the clockwise rotation circular polarization of light or the 
anticlockwise rotation circular polarization of light can be generated by adjusting the voltage given to 
the Pockels cell 31. 

[0033] Drawing 4 is drawing which sketched the observation result on the front face of a silicon 
substrate which the field (1 1 1) expressed using the spin polarization scanning tunneling microscope 
shown in drawing 3 . Setting to 1.0V bias voltage impressed to a silicon substrate, tunnel currents were 
1.0nA(s). In addition, incidence of the laser beam to a probe was not performed. 
[0034] It turns out that 7x7 structure of the field (1 1 1) of a silicon substrate is observed clearly. If 
incidence of the laser beam is carried out to a probe, the electron by which spin polarization was earned 
out is excited and it observes, the situation of the magnetic domain of a magnetic material will be able to 
be evaluated. 

[0035] Although this invention was explained in accordance with the example above, this invention is 
not restricted to these, for example, various change, improvement, combination, etc. are possible - this 
contractor - obvious - it will be . 
[0036] 
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[Effect of the Invention] As explained above, according to this invention, it can prevent the laser beam 
which carries out incidence to the probe of a spin polarization scanning tunneling microscope reflecting, 
and carrying out incidence to the sample for evaluation. For this reason, it becomes possible to suppress 
disturbance and to perform stable observation. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The probe for spin polarization scanning tunneling microscopes which approaches the 
aforementioned virtual flat surface most only in the aforementioned nose of cam when the one conical 
surface has been perpendicularly arranged to this virtual flat surface among two or more conical surfaces 
which it is formed of the semiconductor material by which the electron which carried out spin 
polarization by irradiation of a laser beam is excited, use the peak of the conical surface of multiple 
weight as a nose of cam, and this nose of cam is made to counter the virtual flat surface which has set a 
certain interval, and demarcate this nose of cam. 

[Claim 2] The probe for spin polarization scanning tunneling microscopes according to claim 1 whose 
conical surfaces to which the aforementioned probe is formed in with a GaAs single crystal, and 
demarcates the aforementioned peak are the three crystal faces of the three crystal faces, a field (100), a 
field (01 1), and (1-10) a field, or (001) a field, a field (1-10), and (0-1 1) a field. 
[Claim 3] The spin polarization scanning tunneling microscope characterized by providing the 
following. The probe which approaches the aforementioned virtual flat surface most only in the 
aforementioned nose of cam when the one conical surface has been perpendicularly arranged to this 
virtual flat surface among two or more conical surfaces which it is formed of the semiconductor material 
by which the electron which carried out spin polarization by irradiation of a laser beam is excited, use 
the peak of the conical surface of multiple weight as a nose of cam, and this nose of cam is made to 
counter the virtual flat surface which has set a certain interval, and demarcate this nose of cam. The 
sample maintenance base which has the flat sample maintenance side which sets the interval which 
exists at the nose of cam of the aforementioned probe, and counters. A probe maintenance means to hold 
the aforementioned probe so that the one conical surface of the aforementioned probe may become 
perpendicular to the aforementioned sample maintenance side. The laser beam study system for 
irradiating the laser beam which has an optical axis parallel to the aforementioned sample maintenance 
side in the aforementioned one conical surface of the aforementioned probe. 

[Claim 4] The magnetization information-evaluation method of the magnetic front face characterized by 
providing the following. It is formed of the semiconductor material by which the electron which carried 
out spin polarization by irradiation of a laser beam is excited. Use the peak of the conical surface of 
multiple weight as a nose of cam, and this nose of cam is made to counter the virtual flat surface which 
has set a certain interval. When the one conical surface has been perpendicularly arranged to this virtual 
flat surface among two or more conical surfaces which demarcate this nose of cam The process arranged 
so that the one conical surface may become perpendicular to this measured front face among the conical 
surfaces which the probe which approaches the aforementioned virtual flat surface most only in the 
aforementioned nose of cam is made to counter this measured front face of the sample which has a flat 
measured front face, and demarcate the nose of cam of this probe. The process which irradiates the laser 
beam which has an optical axis parallel to the aforementioned measured front face in the one 
aforementioned conical surface. The process which detects the tunnel current which impresses direct 
current voltage between the aforementioned probe and the aforementioned sample, and flows between 
this probe and a sample. 
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[0001] 

vy*fumm.vzm&. msmtmrnmrnz 
mt&. xvymmg&vytfrmmi. mm® 



[0002] 

vmmm ?yv*-?mmdm^~v 

mm. t'*,?-mimt>tix^h. <$&z$>izwm 

[0003] ffl^Mmtt&m&mnmmm 
zmmz>mL\im.tLx. xvym£^.vy* 
io )umm&%$&tiT^&. xvymmmihyfri 
mmn. xvymLfzmnttftt&mmft 
immmmmtm^MkX'HfoZik. mttim 
timmizhy*)V9HL*tiiL. hylvtfiLttZZ-e 
mmm&mmtzsmxbh . 
[0004] doxeyiBseaESh y^m&tz 
a. xvymmLKn?tm?zmW'mkZix 
h. zmmt. m&tLxm#>xw&Lx8mzti 

xmtf&&ztmiu\ mmttrcxvymmLt: 

20 m?£1fc&L&&W&bLXGaiAsimt>tlX^h. 
[000 5] G. — jl— %>X (G. Nunes) & 

Cl<7)&#N±. (100) BB?)GaAsSJ££. (1 
00) Ht9 0* (m&ktctZWX'tmL. (10 

o ) mt 2-xrmm®co3tj!&%$&ki-&i><?>xs>z. 

[0006] ClOGaAsCOHgtt. GaAs«AyH 

30 %?*>*). zvmm&im&\'-^<vm&tLx 

[0007] ^^H-JrlKtt^jBt^S-fr. fiKttUSS 

&M££ *) ytfcth .&->x. h y*)vmk<nrk% $ £ 

[0008] mmmifi. %<rmm£*iLx mftzwt 
X¥ftiz-th. 

[000 9] 

[3W«?&LJ:5fc^&il!g] G. 

mwmmizitfaiz-tzt. zm$&&mfetz>3^ 
mm<Di-<xm&mizftLxm>iz%*). mm 
mmm<zkiz%z>. &~>x. mmsiz^^m 
^^rrs \s~fmmtzmtth t . m^mm 
50 m£*ttixL£d.mmmiz7&Lfcm%m$i 



(3) 
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[0010] #%BBtf>BWI±. »£t^«tt#IB£5- 
[0011] 

t . u— m<mM£ x o x xe viis Lfc*p#iae 
*ti&js*. g^tis £H£t & «&<o£tfficr> d *> i ^<m 

B£. K^TBfcttLTfififcKSLjyi^fc:. fife 

[ooi2] xMtmfet&moo-h immmv. 
mm#ma<vm£ttLxmw.£%:& j otzmui-xm 
5&&fH. mmm»r>mm Lxmmz&m l 

flat. fffllJtilfec^iStTO^II^^rtS I'— f ft 
£A&hnE.k. *^amoftitttifW*^'&K^Bfc: 

wis. ^o*#>. mftffmmmittMv* 

[0013] *%HJJcofficoji^CcJ: £ . U-V%?M 

ffi£&6l^£i3^T*&Wl t Bfc*tl6J$*. §&t® 
£H£-f SISItOillBO d *> 1 ooliffi£ . UiSM^M 

h&ffimi&^xMmz¥&mmmm$&tm 

mmf& t . mSZm\cr> i o«£IB#lriii«Rfia#Bfc: 

m^£#tOlofBlotf>ltMC. ta£i£R«#ffiK¥fT& 
3t«i^*« V— 9 s ft£f!^6fci*0V-1fft^fc 

[0014] fi^tfcAStUitW-if^RW^^tt* 4 

RMfttfiSmJt 

[0015] %mi<mmmz x & t . \s-<r%<m 
»tc x -yxzvymmtfzmTtfm&ztihtmittift 

ffi£fcS|^£fcvvc&l>fcfffiBfc2tfl$*. 

i mzt vmmm&o) o *> i oostB* . itissTiB 



mmt mmizm.i * y^^fcrnan-ziMt 

[ooi6] 8#tfcAitbfcv~ m<?>m%<r)%m< 
mmmwftx-h&tnto. 8Mt%&wm%.$m£A 

[0017] 

io [nw<7)iitt^@] hi ( a) ay ( b ) a. WJ! 
[0018] 01 (a) \n^mmi. (ioo)b, 

(011) B. &V (1-10) ffl£3ooitBi:^£ 

HftnoJMfcftSfc-r*. (loo)Hk(oii) 
ffifctittsu (on) mt (i-io) wk«6o 

*-C3&bD. (l-lO)Ilk (100)Wkt445 # 

20 [0019] zvmm. mt\f (ioo) Bstfcfet 

(01 1) BJ!^aJL;fcGaAs^£fliaLTfmt 
S.ri:#•C££. Z-T. GaAsffig*: CI 10)#fll 

mts&t> § u (i-io) ffit-^^i^ 

GaAsfr£B^r&. 

[0020101 (B) t>jr$1£#K;L (OOl)ffl. 
( 1-10) ffi. Mf (0-1 1 ) ffi£3ocoilffii:-r 
S^«lO]M5r5^Si:-r*. -0«^ttt. (001) 
B^Jtli ( 1-10) ffi#HaiL*:GaAsS££itgB 

30 -rscktiofm-c^s. ai (b) t^tfi^^ 

ttli. 01 (A) t^tmtkPSIX'i)0. 01 (B) 

<r%m<D ( o o i ) (i-io) is. sy (0-1 
1)1^ -eti-eii0i (a) ( i o o ) 
(on) a. ay (i-io) B£*jj&ra. 

[0 021 ]»Ct. 02Sr#BgLT. 01 (A) 

m*m^xmMft(vmm.mmm!>$hmi 

ZWmth. ^rfc\ 01 (B) £7frtm*m^Z%r& 

[oo22] ¥&%mmzirt-hmmtft 1 vm&mm 

40 a^y^Xha-ASJ^^SIi&tiV^TB^203t 

sg5-)ktr6i$-e-5. z<r>t%. (ioo) aray (oi 
1 ) B^ttttfl 1 <0«tt^Bt*Etc*& <t o tfi^tt 
2 SrSBt S . W;lJfl8^BtSE : 5^£ : frtS 
-f ft 3 ?r , (10 0) B^AS* 8*4 . f ft 3 
{i x GaAsWN'yf'4rA"/rtfflai-4^5:^-r4 

n®iPiw-fft-c&s. 

[0023] f ft 3<=0-35JiG a A s <7>ailt(Cift)R 

Zti. xty«ffiLfc€^Siie8*4. ^n^m 
WiHt. l^-1fft 3 (OftttfcWCife 0 . -€-fO|*l^ti 
50 u-ifft3 oiSElU^rifejfciJ: 4 . fifctttm l W4, 



(4) 
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[0 0 24] hy*;«S»*&3tts «tt2rt*»i: 

xm 2 ^^ets ^ t ic i o . w&tmvi&utMm 

[0025] l^— >f3l63iO— «ti. &#t 20(100) 10 

ffit «t osfrrs . (ioo) wm&m£.ni.x%L 
w£smztix^hit#>. ^ftcvmhm&mztt 

Ltfff^0« Kltft^ttttmKAWL^. £ 
[ 0 0 2 6 ] &fc. W-i^tOASff Sffi*natt^ffit 

Tv^rfcj:v\ i^-e. rmmtiemmiziML* 20 
T^wmm^^wxx^htiimm^m^H-t^: 

[0 0 2 7] JileaWtli. GaAs£fl|Vtf:fi!#tfc 
OWCH^t*!**. GaAstWfc. V-VftVffiMK- 

x-yxx^ymitM^mm^tth^mmtmm 
u z<?^zbhm**&^xbhwmm£.n$\z 

TluS«8B¥liitet,j!^t4 J: d &J£Kfc . 

[0028] 03ti. xey«s^lffiby^Sffit^ 
o&»B£*t. oo+fcSi&^r-S'* 

1 i#ehs*u znttsMm? 1 2£fl-i/c&s>x 

f-y'l 3aWIMWtfc*CO»«. SIM^t-^1 1 

?1 2liKW^mm.5 2Ck OSBHSSft*. J8t»xr 
-y'14»±t. IIHittf^JKttttm 4#1&S£*1 

-5. stwmi4o±{c. m2aM&tm&zm\it> 40 

#Rg$*uov&. fi^tl 6fcH£#t*;l^i 5fc<fc OBf 

[0029] lixf-^'l ltriO. Sttl6trjk«- 
5«tttt«14^ffl«fi[l<offiv^l[S^>6*»'ffib^. ffi 
Wg^ 1 2 tc J: 0 . ^H^cofiS^)* 1 ?? *>ixl» . 4 

mm? 1 2tc±o. atttwa 1 4 * -twHwsrw 

[0030] tttttfR 1 4 >U TXfflSS5 1 *»6 
ffifiKBWWlSii*. fl5»16kWBmi4IB(=a[ 



g$^«^I^lH8l§£m54£A:&$*tS. A47 

xmmms 1 . Ernsts 5 2 . fti^na^T-yW 

[0031] i^-f»fi»3 oa><s>atfjS*t£i'-lFft 

# v*ArX±1U3 1 » A/4«3 2S-a-?TES^- 
■t-yAi orttiaSASii. «U 6fcAHi-S. 

-T3t^g3t«l5-«tini$-frl.. Jlft»tf>i*0ftli. 
[0032] A/4S3 2 tt. BWWtSnfcl^* 

n-thnsjkmm-h z 1 1 1 o » **Hn«3ia*i4 

[0 03 3] 04ti. H3t^-tXtfy<lg^fflhy 
*rt/g88£jflvvc (111) HOfcajUii'llsyS 

SfcfflHirr^^T>t«E*i. ovtu \-y*A& 

mil. OnAtfc^t. =3r*5, aW^P-lFSK^A 

[ o o 3 4 ] s/u aya&o ( 1 1 1 ) mm x 7flBt 

[0035] |JUja«f!fc»->T«»M*»f!ttefi I . 
[0036] 

xvyffl&w.Yy*>vmmfr%m£.}Mth\'- 

[Hffi«fS*^DB] 

[@i ] *mmmm*z>xKymm^hy* 



[02] «#t. i8tt*tfi. mvttMmm&z* 

[03] xtry«g^affihy^^iotWS0Cfe 

4. 

[04] x\:ymm^hy^mmim^^j 

[^oiiBB] 

1 Kttffft 

2 S^t 

3 U-lfff 



(5) 
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10 ^ftVA* 

1 1 ffli&X-r-v-' 
12 

13 aSDXx-^' 

14 mmm 

15 mmvw 

16 m 

30 r&jggs 



8 

31 #vdr)l>X-t)\s 

3 2 A/4« 

3 3 #-y^X-te/Hf«ii 

50 TVTVT 

5 1 A>fr>U8msK 

52 mmmm 

5 3 ffl»Xx-^»§£fi 
54 



[01] 

x OK£SS 1 :/**MMMISft 
(A) . (B) 
UTO) 



(Oil) 




(lTO) 



[04] 



(100) 





(Oil) 



[192] 



[B3] 





50 


54 
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